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Title of the Invention 

Oil body-like or shell-like nanocapsules and the preparation. 
Summary 

Objective : To provide oilbodies in the separated and recoverable form, to provide materi- 
als for dry nanocapsule shells and to apply them in the stabilization of hydrophobic ma- 
terials like lipids. 

Means of solution : The oil body-like nanocapsule fraction or its dried material contain- 
ing oil seeds with oleosin protein, preferably the soybean-derived, or better, oleosin 
protein over 10% of the total protein. Oil body nanocapsule fraction containing over 10 
% of oleosin protein derived from soybeans or oleosin-containing oil seeds of the total 
proteins, or its dried she 11- like nanocapsules wherein neutral lipids have been removed, 
preferably the shell-like nanocapsules for coating hydrophobic substance (s) , or more sp- 
ecific, the shell-like nanocapsules for coating more than one lipid selcted from rapeseed 



oil, £at~soluble vitamins and fish oil. It does not containing at least the Gj# m Bd 30K 
of the allergenic proteins of soybeans. 1 2^ ^ 4, jL&,LjL 



Claims 
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(1) Oil body-like nanocapsule fraction derived from oil ^^^^^^^ ^024K 
seeds containing oleosin protein. '^^■^MflMllffl 

(2) In Claim (1) wherein the oleosin protein is over 10 
% of the total protein. 

(1) 
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(3) In Claim (1) or (2) wherein the said oil seeds are soybean seeds. 

(4) In Claim(l), (2) or (3) wherein the dried materials are the oil body-like nanocapsule 
fraction- 

(5) in Claim (1), (2), (3) or W wherein the shell-like nanocapsules are made from the 
said oil body-like nanocapsule fraction wherefrom the neutral lipids are removed. 

(6) In Claim (5) wherein the shell-like nanocapsules are used fox the inclusion of hydro- 
phobic, materials - 

(7) In Claim (6) wherein the said hydrophobic materials are more than one lipds selected 
arbitrarily from rapeseed oil, fat-soluble vitamins and fish oil- 

(8) In one of the Claims (5) through (8) wherein the shell-like nanocapsules do not con- 
tain the allergenic protein (Gly m Bd 30K) . 

(9) Process to prepare oil body-like nanocapsule fraction characterized using oil seeds 
containln oleosin protein as the starting material by soaking them in water, grinding or 
after grinding soaking in water to separate the insolubles and the resultant suspension 
is heated over 60 °C, or after heating at over 60 °C, to separate the insolubles to get 
a suspension to get oil body-like nancapsule fraction of high oleosin purity. 

(10) In Claim (10) wherein after heating the solution is centrifuged to enhace purity of 
oleosin. 

(11) In Claim (10) or (11) wherein neutral lipids are removed from the oil bldy-like nano- 
capsule fraction to make shell-like nanocapsules. 

(12) In Claim (10) or (11) wherein the said oil body-like nanocapsue fraction is dried 
followed by removing neutral lipids to make shell-like nanocapsules. 

Details of the Invention 

Technical field of the invention: This invention is about the preparation of oil body- 
llke or shell-like nanocapsules. To be more specific, it is about the preparation of the 
oil body-like nanocapsule fraction or the dried shell-like nanocapsules rich in oleosin 
which can be used to include hydrophobic substances like rapeseed oil, fat-soluble vita- 
mins and fish oil, etc. 

Previous technics ! Soybean is not only rich in proteins but also contains lots of oil. 
In Japan soybean has been used as the important source of proteins but lately it has been 
used as oil seeds and it has become the primary source of vegetable oil. In Japan, it 
serves as the indispensable source of food like tofu, soysauce, natto and miso. Miso and 
soysauce get their unique flavor from, degradation of proteins and lipids in soybean to 
peptides, amino acids, fatty acids, glycerols and their derivatives. In natto more than 
60% of its proteins are degraded. Meanwhile, tofu is prepared by soaking soybeans in 
water to grind, and after heating the! bean curd refuse is removed and either bittern or 

(2) 
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glucouo-delta-lactone (GDI) is added for coagulation. Almost all the proteins and lipxds 
in S oybean remain in the coagulate. Though depending on the kind of soybean used hut al- 
m ost in every case to£u contains, on dry weight basis, 55% proteins and 35% lipids- Fro- 
zen tofu is prepared by freezing tofu followed by desiccation so it contains exactly these 
amounts of proteins and lipids- In meat and fish oil Is separated by heating while in tofu 
and frozen tofu the lipid portion will not separate. They are the kinds of food which do 
not make you feel that they contain so much lipids. 

in soybean seeds lipids are accumulated , In spherozomes and form oil bodies- An oil body 
has a structure which looks like protein tacks in neutral fats surround phospholipids and 
through such a structure it maintains oil droplets stably. The protein is called oleosa 
and in many oil seeds it has molecular weight of 15-26K and was found to have similar amino 
acid sequences- An oleosin consists of three domains which have the amphipathic N termini, 
the central portion consisting of anti-parallel beta sheet and alpha-helix and the C-ter- 
minus consisting of alpha-helix. In the^ case of soybean 24 and 18K oleosins are found. 
Here, the center consists of about 70 hydrophobic amino acids. This portion is almost the 
same in any oleosins and difference in molecular weights of different oleosins is known 
to depending on the length of the C terminus. The hydrophobic portion of the central part 
assume needle shape and punctures into the lipid clump while the N and the C termini are 

half-buried and half submerged in water. 

i 

i 

Problems that this invention intends to solve : In unheated raw soy milk lots of 7S, US 
proteins and allergenic proteins are attached to oil bodies. Therefore, despite of con- 
taining lots of lipids the specific weight of oil body is heavy and even if raw soy milk 
is ultracentrifuged (156,000 x g, 30 minutes) the oil bodies will not float. Also there 
are many ways to separate the 7S and US proteins by addition of large amount of salts 
(e.g., NaCl, etc.), reductant or base but recovery is very poor or purity of oil bodies 
recovered is extremely low so these methods are not practical in the preparation of mat- 
erials in the production of dried nanocapsule shells. 

I 
i 

As mentioned above the current situation of the preparation of oil body remains such that 
by such conventional methods it is very difficult to separate and recover oil bodies eff- 
iciently. This invention is therefore to provide separated and recovered oil bodies, to 
provide materials for the preparation U dried nanocapsule shells and also to use them 
to stabilize hydrophobic substances like lipids. Also, the invention aims at offering 
dried shell-like nanocapsules of oleoskn-rich body which can be used in the preparation 
of hydrophobic substance-including nanUapsules wherein the oil body-centered neutal li- 
pids can be substituted by other substances. The microcapsues prepared by the conventlon- 

j (3) 
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by solid lipid or pol,s.cch.rid. - - - = ^ _ d . velope4 ohlch 

ia!. to the illusion tact.-... To ~lj £h.s P £ „ m 
b„. hydrophobic so.st.oc. co.t.d * * lt „ hive 

tion stability. » 

An oil body is an intracellular structure consisting of P ro- 
Me^nn to solve the problem - An oxl body ^ 
teins like oleosins and phosphlipids surrounding neutral Hpxds whxch , 
texns lxke oxeos y lnvetltio n confirms that the oil bodies, 

seeds for the storage of nentral Ixpxds. Thxs to ^ ^ 

structure consisting of proteins surrounding lxpids, coutrxou 
in the post-food processing and also f u*d easy ways to 

Further, in this invention the "oil body^like" means that part of the oxl bodxes 
changed in the preparation like by extraction. 

, ^ n *i W J like nanocapsule fraction or its dried form which 
The invention is aimed at the oxl body^like nanocaps 

t 0 „t,io oXcosio-coocsiol*. oii s..ds, **r.r.bl, so,b..n-d.rivsd, or b.t.C -*°™»" 
eio. over U» o £ the th. tot,! prot.f ,1 To b. .ore specie to. — oo , ^ 
« to. oii bodv-lib. oaoocpsoi. £ r.4„s ecocide* ol.osio-pr.t. .-.onto o 
s..ds pr. £ .r.bly soybeso-d.riv.d, orjb.st, oi.osio prot.ios ov.r 10% of th. total pro 
t il ' 1 tied -trials, th. sb.ll-. 4 o.nocop.ol.s .b.r.io octroi lipid, hove b..o 
Z d fro. tb. O.O0..PSO1. fraction *r.f.roblv th. sh.ll-li*. o»ooe,ps„l.s for 
llsioo of h y dropKobio sobst.ot.s. lactic, it is si-ed St tb. p^sr.tioo . 
li k e ocoocapsules for tb. io.losio. o it. ooo lipid s.l.ct.d fro. r. P .w..d oil. 
soluble vitamins and fish oil, etc. \i 

Xhe following allergenic proteins * soybean (Table ». The invention is^about 

th e oil body-like nanocapsule fractio^ich does not contain at ^ 
these allergenic protein, the Gly . & I30K protein-missing, oleosxn protexn contaxnxng 
rLirUerLly soybean-derive ^ . ~ . ^^TlTrri 
over 10% of the total protein. It is abbut the drxed oxl body lxke "J 

f r ee of neutral lipids which is made U shell-like nanocapsules, pr^rab y th 

! c fcr the inclusion 'If hydrophobic substances, or more practxcally, 

like nanocapsules for the incxusxon y selected from rapeseed 

shell-like nanocapsules for the inclisdpn of .ore the one lipxd selected 

oil, £at-soluble vitamins and fish oll|j etc. 
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JTalJle 1 



Protein com- 
ponent (kDa) 



Fraction 



70-68 
67-63 
55-52 
50-47 
45-43 
41-40 
38-35 
35 

35^33 
31-29 
30 
28 

21-18 
20 

17 

15-14 



Dectection* 
f requencey (%) 



7S (alpha sub unit) 
7S 
7S 

7S (Beta^-subunit) 
7S 
7S 

IIS (acidic subunit) 
7S 

Whey |{high m.w. fraction) 
7S (Gly m Bd 30K) 
7S (Gly' in Bd 30K) 
Whey jtlow m.w. fraction) 
2S (Knit/z type trypsin 
Ixnh'ibitor 

2S "; 
2S " 



23*2 
18.8 
14.5 
13.0 
10.1 
7.2 
7.2 
1.4 
15.9 
4,3 
65-2 
23.2 
7.2 
2.9 

1.4 

2.9 



* Detection frequency 
protein-positive 



Quoted from: Ogawa et I 
1030-1033 (1993). j 
Ogawa eit 
551^565 (1991). ; 



quency bujjt of 69 patients who were soybean 
ive. ! j| [ 



Biosci. Biotec. Biochem. , 57: 
lj J. nutr. Sci. Vitaminol-, 37: 
f 



Also, in this invention as the starting material oleosin-containing oil seeds are used. 
The seeds are soaked in water, ground! clr. after grinding soaked in water to separate the 
insolubles and the suspension is prepjaijedi The suspension is heated at temeprature above 
60 °C, or after heating at temperaturje ||above 60 *C the insolubles are separated to get 
a suspension to prepare oil body-like 1 Janocapsule fraction of high oleosin purity. It 

lution after heating to fractinate and to enhance 



ma 

s 



taining oil seeds are used- The said 
grinding they are soaked in water to 
spension is then heated at temperature 
60 



is characterized by centrifuging the 

purity of oleosin in the fraction. In this case as the starting material an oleosin-con- 



terial is soaked in water and then grind, or after 
parate the insolubles from the suspension. The su- 
abbve 60 °C, or heat first at temperature above 



C then the insolubles are separated to get a suspension. The suspension is then cen- 
trifuged to get oleosin-rich oil body-like nanocapsules . 



The invention is also aiming at preparing shell-like nanocapsules, obtained by the said 

Jills', or about the drying the oil body-like nanoca- 
psules followed by removing neutral lipids to make shell-like nanocapsules. 

Execution of the i^ention : As the ^Lt/jng material any oil seeds are acceptable so long 
as they contain oleosins, prefer ablyj soybean. 



;i i 



. ! 
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Oil body exists in soybean but when soybean' is made into soy milk nobody knew what an oil 
body turns into. When soybean is ground! anjd extracted by water most of the oil bodies bind 
with proteins and form lipid/protein co'mpljexes (diameter, about 380 nm) . On the other hand, 
in the presence of 1M NaCl some oil bodjiea can be separated. Size of the separated oil 
bodies is 100-400 nm in diameter and are j spherical which is about the same as in soybean. 
Soy milk is prepared by heating the water extract of soybean. By heating at 65-80 °C the 
lipid/protein complex is disrupted and 'at 80-90 °C oil bodies axe separated. 65-80 °C is 
the denaturation temperature of beta-cqnglS'cinine and denaturation of this protein leads 
to disruption of the complex particles jaiid j !mt 80-90 separation of oil bodies occur. This 
fact indicates that components of oil :VoW |t>inds with glyelnine and further through beta- 
conglycinine lipi/protein complex is f'oxtaJd. Sepaxated oil body component(s) by heating 

contains lipids, phospholipids and 616osin protein. Such a change is illustrated in Fig. 

' ! I 

l. 

• i I 

Also, when thermal denaturation characteristics of oleosin was studied with a heat analy- 



zer (U.S. Parkiti-Elmer Co- ;model Pyris-rlj) 



it was confirmed that its denaturation point 



was around 130 °C. Therefore, when soy.njilk is prepared by heating below 100 °C no dena- 
turation occurs. It is difficult to cpncjefVe that in the ordinary preparation of soy milk 



f i I I' i 

big change occurs to oil bodies and they seem to still assume the same shape as before 



heating. Lipids in soy milk stay stably 



will not separate by long term storagje;- or 
itself is stably dispersed in water for 
was verified by the following experiment: 1 



inside the shell of the body-like components and 



reheating. Further, the oil body-like component 
llpng period of time and will not flocculate. This 
A touch mixer was used oil body-like components 



trophotometer at 600 nm- If oil bodie^sj 
was observed even after one month. 

Preparation of oil body- like component: : 

75 °C giant particles of smaller specdjiicj:; 



were dispersed in 0.02% sodium aside jsjolutlion (a preservative) so its concentration would 
bed the same as in soy milk. Change i!n turbidity of the solution was checked with a spec- 

ijalesced, turbidity would decline but no decline 



! 



ant particles were examined they were^ |,f oJiid to be the oil body-like component consisting 

tfiese giant particles float under mild centrifu- 
Jjed as a fraction which did not contain too much 



primarily of oleosin protein- Besides^; 
gation (6200 x g, 30 minutes) and recjov 



7S, US and allergens. Fig. 2 shows the 
plexes in soy milk observed by heating 



6-10 micron diameter giant particles 



ill-" 

particles seen in the unheated soy milk 



When raw soy milk was gradually heated, around 
igravity were formed in soy milk. When such gi- 



|article distribution of the lipid/protein com- 

FEK ^ & „ VJ „ r „ a J. 75 °C, using a light scattering type lase beam 

particle distribution counter (U.S. fuller Co- type LS-230) . At 75 °C for 10 minutes 

5 1 ^prl formed. Fig- 3 shows change in particle distri- 



bution when soy milk was heated at 65f9|ojjC for five minutes each. The 0.38 and 1.6 micron 

Shifted to large particles with the rise of temp- 



(6) 
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erature and when heated at 90 °C it was verified that they changed into the 0.38 micron 
lipid/protein complex particles and tf 1% subunit/ 118 basic submit complex particles 
of 0.07 micron diameter. When the heating^as raised (or heated fox longer time) the gx- 
ant Particles disappeared but the oil bodf-like component with oleosin protein as the 
parimary component almost free of 7S.11S f oteins and allergenic proteins was recovered 
as the supernated fraction by centriflgation at 12,000 x g for 30 minutes. This means 
that high temperature heating is effeLivl in enhancing the purity of the oil body com- 
ponent but the conditions for the recover! by centrlfugation will somewhat get worse. On 
the other hand, low temperature heating . Imewhat reduce purity of the oil body component 
out it can be recovered under milder conditions. Also in either case almost 100% of oil 
body in soy milk was recovered as the f flltiug fraction. Conditions for the * 
giant particles varied with temperature Ind time but the optimal conditions were 70-80 
for 2-15 minutes, if low temperature was used, longer time is needed while at higher tem- 
perature shorter time is required, ttf evlr, as mentioned before, to recover giant partx- 
cles as the floating fraction it is not | ecessary to facilitate formation of giant part- 
icles but it can be recovered as the f lofting fraction by heating at temperature above 
60 'C. 



h 

J 
.IS 



Now, preparation of the dried shell-like|nanoca P sules of oleosin-rich oil body will be 
explained. ■ ;j| 

(1) Raw soy milk is heated above 60 °C, \ Ire fer ably more than five minutes to separate the 
oil body component from the lipid/proteiki complex particles. 



(2) The 7S and 11S proteins denature 



afi[95 °C for five minutes. By centrifuging such a 
solution for fractionation it is P osU| to get oil body of high oleosin ^ty fr,, of 
allergenic proteins, 7S protein and 



.UsjLrotein (Fig. 4, lane 4). The particles are less 
than"on7micron in diameter and their cjLer of distribution is around 380 nm. The denat- 
uration temperature of oleosin is a ^; oUn | 130 ° C ' 

(3) The resultant oil body is almost ftjL of other proteins and thus Gly m Bd 30K, known 
as the allergenic protein was eliminated. 

(4) At 75-80 °C for five minutes the oil body can be separated without denaturing US. 

(5) Lipid is removed from the resultjantfoil body and the resultant shell-like material 
can be used as nanocapsules to include! j|apeseed oil, fat-soluble vitamins, fish oil and 
other hydrophobic substances. Inclujio 

Expansion of the applications of tliejiO; 



of hydrophobic substance is irreversible. 
1 body production by-product ; As the boproduct 



in the preparation of. oil body-likJ c^onent thereare separated soy proteins. They are 
separate from the floating fractionjwSf the heated soy milk is centrifuged (the super- 

: . — c ^ „c n^iAa. Whe.rx sov milk 

nate and precipitate fractions) . Such 1 



■IS 



■oteins are almost free of lipids. When soy milk 
(7) 
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is heated at high temperature 7S and LIS undergo denaturation which will limit their app- 
lications (reduction of their utility). On the other hand, when the milk is heated at low 
temperature these proteins do not undergo 'big changes so after separation of the oil body- 
like component they can be used for various purposes as the separated soy proteins. Here, 
in either case various unpleasant flavor Materials in soybean migrate with the oil body- 
like component as the floating fraction sj> the separated soy proteins could have better 

i 

flavor - 



Examples : . [ 

I 

! 

Details of the invention will be given In the examples. However, the invention is not li- 
mited to these examples. 



i 



Example X (Preparation of oil body-like component, #1): 

(1) Forty gm of soybean seeds were washed and put into a 200 ml beaker. Water was added 

to 150 ml level for soaking overnight raja refrigerator (4 °C). Weight of the water-soaked 
soybean seeds was 81.8 gm- » ; 

(2) Water was added to the water-soaked; soybean seeds to the total weight of 300 gm. It 
was ground in a mixer for two minutes, ISmall amount of defoamer was added and ground for 

• i' 

another two minutes. : ; 

(3) Cotton was spread on a Buchuer funnei and the said ground material was suction-f ilt- 

1 I 

ered which gave the unheated soy milk. iVolume of the soy milk was 230 ml. 

(4) This unheated soy milk was transferred into a 500 ml conical flask and heated in boil- 
ing water. When it reach 75 °C it was nested at this temperature for 10 minutes, then cool^ 
ed down to room temperature (about 25 °C) with cold water. 

(5) The resultant soy milk (about 230 ml) was centrifuged at 6,200 x g for 30 minutes and 
the floating (cream) fraction was recovered. About 85% of soybean oil in the seeds stay- 
ed in this fraction so the recovery of \ the oil body-like component was about 85%. 

Example 2 (Preparation of oil body-like j component , #2): 

= hi 

Oil body-like nanocapsules were prepared; as in Example 1 except that in step (4) heating 
was done at 95 *C, and in step (5) cenfcijLfugation was done at 25,000 x g for 30 minutes. 
By this procedure recovery of the oil boW-like component was almost 100%. Here, the su- 
pemate and the precipitate fractions aide of' the floating fraction from centrifugation 
will contain proteins almost free of; lkjjids. As various unpleasant flavor materials in 
soybean will migrate to the floating: flUztion together with the oil body-like component 
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oleosin in Lanes 4 and 5 was respectively! #>out 94$ and 40% of the oil body-like nano- 
calsule shell total protein. When 300 m S Ljj soybkan oil was added to 10 mg of the nanp- 
capsule shell of 94% oleosin content fir £tsp«r Jion in water and Its emulsif ication sta 
bility was studied by change in turbidlityj^t waJ found that like the oil body-like com- 
ponent before defatting, no decline in tu&dity jwWs observed even after a month. 



, 3. 



I: 



Benefits: By this invention it is posiib^jto gir the oil body-like nanocapsules derived 
T^Tl seeds. The material can be used jin the preparation of shell-like nanocapsules 
for the stabilization of hydrophobic L bonces By the invention it is also possible to 
the hydrophobic substance-including njno^sulej with the switching of neutral lipids xn 
the oil body. Oil body-like nanocapsules |pn be obtained free of the allergenic protein 
Gly « Bd 30K. The invention offers thl P ±|cess to prepare oil body-like nanocapsules by 
efficient separation and recovery of Lhejioiil bojdy. Also, the process can offer prepara- 
tion of protein byproducts from the oil j&eds which have better flavor. It also offers 
a process to prepare shell-like nanocapsWes fxU the oil body-like nanocapsules. 

Brief Explanation of the Figures ^ ^ 

Fig. X: A diagram showing changes the! l^|d/pr Jt'ein complex particles in the water ex- 
tract of soybean seeds undergo ta&become: soy milk during heating. 

lit .i 



Fig. 2: A diagram showing temporal chavgtj'of sjy milk particle size distribution during 
heating at 75 °C. 

Fig. 3: A digital figure showing SDS gel | electrophoresis of the separated components form- 
ed under different conditions 



I 



Lao 
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Example 3 (Preparation of nanocapsule shells) : 



(1) The oil body-like component (floating jfraction) obtained from Example 1 or 2 was dis- 



ced to 



persed in water and drop by drop it was a<^ 
llowed by lyophili2ation- 
(2) The material was defatted with n-hexane to gjec nanocapsule shells 



Analysis of protein composition of nanocap 
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liquid nitrogen for quick freezing fo- 



sule shells by SDS gel electrophoresis : 



Components formed and separated under various conditions were run through SDS gel electro- 
Results are shown in Fig- 4. Component in 



1 

phoresis (separation gel concentration, 12.5%). 
each lane of Fig. 4 is as follows; 



Lane 1 : The supemate fraction obtained from ultracentrif ugat ion (156,000 x g, 30 minutes) 



of the soy milk heated at 95 °C for £ivu minutes 

Oil body fraction obtained by treating soybean seeds with 0.1 M NaCl, 1% 2-mercap~ 
toethanol (reductant) and base (pH 9) followed by ultracentrif ugation (156,000 x 
g, 30 minutes) . 

by ultracentrif uging the unheated soy milk (156, 



Lane 3 : Oil body-like component obtained 

000 x g, 30 minutes) - 
Lane 4 : Oil body-like component obtained 

(95 °C, five minutes) soy milk* 
Lane 5 : The floating fraction obtained b 

milk (75 °C, five minutes) ♦ 
Lane 6 : The floating fraction obtained bjjj 

soy milk (75 °C, 10 minutes)* 
Lane 7 : The floating fraction obtained by 

ed soy milk (75 °C, 15 minutes)-; 
Lane_8 : Heated soy milk (95 °C, five minultes) ♦ 



jby centrifuging (156,000 x g, 30 minutes) heated 
centrifuging (6,200 x g 30 minutes) heated soy 
centrifuging (6,200 x g 3 30 minutes) the heated 
Centrifuging (25,000 x g, 30 minutes) the heat- 



In Fig. 4 oJa.P, Acidic, basic, G30K, 02'4K and 
.a? a,B: Each sub unit of beta-conglycxnme 
Acidic, basic: Acidic and basic suburiits 
G30K! Gly m Bd 30K protein. j 
024K, 018K: Oleosin proteins. 



As shown in Fig- 4 the defatted floating; 
sule shell fraction of the soybean seeds 



018K denoted the following: 



jprotein. 

of glycinine protein. 



.1 : 



(cream) fraction is the oil body-like nanocap- 
containing oleosin proteins. Also, content of 

(9) 
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Fig. 3 



Floating 
fraction 



Ultracentrifuge 
156,000 X 9, 30{mf.n- 




Precipitate 
fraction 



p*4fl nm) 



Unheated.'soy milk 65-j7ffC 
Paticel diam (we&i-ejim) tfLsaA^iO/inn) 



©oil Wy •••;7s, *;;7sp-nsBas\o 
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